INTRODUCTION
Conventional wisdom holds that patents contribute to progress.' This sentiment underlies the Copyright and Patent Clause of the U.S. Constitution, which states, "The Congress shall have Power... To promote the Progress of Science and useful Arts, by securing for limited Times to Authors and Inventors the exclusive Right to their respective Writings and Discoveries .... This traditional rationale posits that grants of monopoly power provide an effective incentive for parties to invest in costly research and development to bring new inventions to market. 3 Organizations such as Pharmaceutical Research and Manufacturers of America, for example, argue that patent protection is necessary to recoup the hundreds of millions of dollars in initial investments necessary to develop new drugs. 4 Without such protection, copiers could simply free ride on the ingenuity and investment of creative enterprises, thus depleting the latter of any incentive to innovate. Society ultimately benefits, the conventional wisdom goes, by encouraging innovation and advancing the state of science and technology available to the public at large.
A growing counterintuitive insight, however, holds that patents actually deter innovation. At a fundamental level, patents conflict with traditional scientific norms of open sharing. Furthermore, proclaimers of the "tragedy of the anticommons" contend that overpropertization of resources results in their underuse. 5 In biotechnology, the increased patenting of "research tools"-materials, protocols, and equipment that comprise critical inputs of scientific experiments-has heightened anxieties that patents inhibit research and development. 6 Revisiting the example of pharmaceuticals, patents on upstream "building block" materials or on foundational experimental protocols may hinder downstream investigations and efforts to translate basic science into useful drugs. In this manner, patents can stifle innovation and hamper progress. While both traditional and anticommons theories focus on patents' relationship to progress in technology, 7 this Note takes a different approach. Moving beyond the level of applied science, this Note examines patents' contribution to the advancement of scientific theory, the scientific community's conceptual understanding of the basic structure and properties of natural phenomena. Current scholarship has largely ignored patents' role in the evolution of scientific theory and lacks a robust analytic framework for conceptualizing this relationship. This Note looks to the "scientific humanities" to fill this void and bring to light the significant and unexpected influence of patents on scientific and inventive activity. This Note thus adds a new perspective to the intellectual property debate by drawing on the history, philosophy, and sociology of science to argue that patents may play a surprising role in the evolution of the scientific community's basic understanding of natural phenomena.
Throughout this analysis, the theory of scientific paradigms as expounded by philosopher of science Thomas Kuhn and the distinction between what he calls "normal science" and "paradigm shifts" will be central. 6. The National Institutes of Health (NIH) defines "research tools" as "tools that scientists use in the laboratory, including cell lines, monoclonal antibodies, reagents, animal models, growth factors, combinatorial chemistry and DNA libraries, clones and cloning tools (such as PCR), methods, laboratory equipment and machines." Principles and Guidelines (1999) . While Rai evaluates the influences of law and norms on basic science research, she situates her analysis in an instrumental view that emphasizes patents' relationship to technological progress. She does not consider patents' effects on the evolution of scientific theory, instead framing her inquiry in terms of "the central instrumental goals of intellectual property--success in stimulating the creation, disclosure, and development of inventive or creative works." Id.
8. While Rebecca Eisenberg has also discussed Kuhn's framework in the context of patents' influence on basic science, see Rebecca S. Eisenberg, Patents and the Progress of Science: Exclusive Rights and Experimental Use, 56 U. CHI. L. REV. 1017, 1051-52 (1989) , this Note is unique in applying the concept of paradigm shifts to explain how patents may advance scientific theory.
Imaged with the Permission of Yale Law Journal [Vol. 114:659 Patents, Paradigm Shifts, and Progress framework-what Kuhn calls a scientific paradigm-comprises "normal science." 9 The creation of a novel theoretical framework that better explains a particular set of natural phenomena comprises a paradigm shift, the most fundamental kind of scientific change. For example, progress in normal science might involve innovatively applying current theories of neural physiology to stimulate cell growth in the human brain through the use of embryonic stem cells. In contrast, paradigmatic change would involve creating an entirely new theoretical model of how the brain works. Ultimately, a paradigm shift such as this could suggest novel ways to induce spontaneous regeneration of neurons that do not require embryonic stem cells.
Combining the concept of paradigm shifts with an anticommons approach to property theory, this Note argues that strong patent protection of research tools--critical inputs of scientific experiments-can play a vital first step in inducing paradigm shifts. This Note will review how patents conflict with scientific norms of communal sharing and how patenting upstream research tools can discourage experimentation and testing. 0 By raising the cost of "doing science" within an established paradigm, however, patents encourage scientists to create alternate theories of how natural phenomena operate, theories whose investigation does not depend on using patented research tools. Patents thus accelerate the process by which researchers generate and test insurgent scientific theories. While most of these theories will prove incorrect or no better than the current paradigm in terms of empirical validity and predictive capacity, some will more successfully explain how a natural process, such as neurogenesis, functions. By accelerating the creation of alternate theories, patents increase the likelihood that scientists will challenge existing paradigms and replace them with new ones.
9. THOMAS S. KUHN, THE STRUCTURE OF SCIENTIFIC REVOLUTIONS 10 (3d ed. 1996). 10. One of this Note's subsidiary theses is that the lines between "basic" and "applied" research, and between "noncommercial" and "commercial" research, are increasingly blurring. Nevertheless, for purposes of clarity I will attempt to differentiate between these various kinds of scientific activity. Throughout this Note, "basic" research refers to upstream research aimed at elucidating the fundamental structure and properties of natural phenomena. While useful application of this research is conceivable, its primary goal is to uncover elementary principles. "Applied" research refers to downstream testing and experimental work that applies basic knowledge to solve practical problems. "Noncommercial" research is research motivated primarily by factors other than financial remuneration. "Commercial" research, conversely, is research primarily motivated by financial gain. While there is significant overlap between "basic" and "noncommercial" research, on the one hand, and "applied" and "commercial," on the other, these respective pairs are not coextensive. A pharmaceutical company, for example, could sponsor in-house basic science research with the clear commercial aim of developing profitable drugs. Similarly, many university-based researchers conduct applied, noncommercial research and are motivated by goodwill, curiosity, or reputational rewards.
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The Yale Law Journal [Vol. 114:659 While this paradigm-shift-inducing dynamic may apply to a wide range of scientific disciplines, this Note will focus on biomedical research. The growing commercialization and commodification of biomedical science have allowed patents to exert substantial influence over basic research activities. Scientific, economic, statutory, and legal developments increasingly allow and encourage universities to patent products of federally funded research. In parallel, the common law doctrine of the experimental use exception-which traditionally allowed free use of patented material for noncommercial purposes-has been significantly narrowed in the context of university research. In this manner, " [b] iotechnology research presents an unusual, if not unprecedented, juxtaposition of the [proprietary] incentives of the patent law system" and the traditional scientific norm of communal sharing."
Although scientists cannot patent abstract theories such as E = mc 2 , they can patent the associated technological aids that researchers need to investigate them.' 2 Patents on research tools earlier and earlier in the development chain thus raise the possibility of creating individual ownership rights in theories. All theories suggest means of testing and validating themselves. The current "central dogma" of DNA translation and transcription has defined and rendered meaningful an entire material culture of technologies ranging from restriction enzymes to electrophoresis machines. These physical artifacts both reflect prevailing assumptions of DNA structure and function and allow scientists to extend, test, and apply those assumptions. Patents on biotechnology research tools can therefore effectively create exclusive rights to explore certain foundational theories. For example, patents on human embryonic stem cells restrict the universe of researchers who can investigate the hypothesis that these cells can differentiate into any type of human tissue. As research tools become more specialized and propertized, more and more fields of inquiry will ultimately fall under the domain of patents. While this raises concerns over the inhibitory effect of patents on scientific progress, it also opens the door for patents to help induce paradigm shifts.
Analyzing patent law through the lens of paradigm shifts reveals an important but underappreciated benefit of strong patent protection. 2004] these theories will more completely and cleanly explain the operation of natural processes, thus deepening our fundamental understanding of nature. Considering the role of patents in the evolution of scientific theory thus deepens any debate on the function and value of patents. Arguments that too much patent protection deters innovation may only be considering one level of innovation-that of technological advancement. In this new light, however, any detrimental effect that patents may have on discouraging downstream research and development must be weighed against their value in encouraging the paradigm shifts that advance fundamental scientific theory. Patents emerge as a fulcrum defining the balance between two kinds of valuable scientific activity: hypothesis validation and exploration (comprising the main business of normal science) and hypothesis generation (leading to paradigm shifts). Without recognizing this function, policy choices defining patent regimes are uninformed and incomplete. Consistent with its interdisciplinary orientation, this Note draws on several parallel sources to build its central arguments. Part I introduces the concept of paradigm shifts, the dominant framework for this Note's examination of patents and progress. Part II explores the current debate over whether patents contribute to progress, a debate that implicitly focuses on what Kuhn would call normal science. Though the Note leaves unresolved the question of whether patents, on balance, promote or hinder normal scientific progress, it does highlight the capacity for patents to create tragedies of the anticommons and stifle productive scientific exchange. Part III focuses on the increasing patenting of research tools-a result of recent scientific, economic, statutory, and legal changes-that enables patents to influence the development of new theories. Part IV applies the theory of paradigm shifts to the tragedy of the anticommons to argue that patents, by increasing the costs of research within a particular scientific paradigm, encourage scientists to "theorize around" existing paradigms, thus contributing to paradigm shifts. The Note concludes with a prescription for a time-limited experimental use exception for patented biomedical research tools to more effectively promote both the normal science and paradigm shifts that drive scientific progress.
I. THE THEORY OF PARADIGM SHIFTS
Thomas Kuhn's The Structure of Scientific Revolutions presents what has become the dominant contemporary theory of scientific evolution.
13
Central to Kuhn's view is the concept of a paradigm: a prevailing 13 . I purposefully use the term "evolution" to parallel Kuhn's characterization of scientific progress.
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The Yale Law Journal [Vol. 114:659 theoretical framework that defines a particular branch of science at any given time. Looking historically, a paradigm exists when "some accepted examples of actual scientific practice-examples which include law, theory, application, and instrumentation together-provide models from which spring particular coherent traditions of scientific research." 14 Ptolemaic astronomy, Copernican astronomy, Aristotelian dynamics, and Newtonian dynamics are all examples of scientific paradigms. 1 5 These paradigms represent the consensus of a particular scientific community around a given theory at a particular point in time. They act as a heuristic mechanism that defines modes of promising research and provide a theoretical filter through which scientists can interpret and comprehend their findings. 16 Kuhn rejected the linear, orderly, and often teleological vision of scientific progress that had long dominated historiographies of science as well as the popular imagination. 17 In this traditional view, science progresses in an accumulative fashion; each discovery builds upon the vast generations of discoveries before it in an inexorable drive toward higher levels of comprehension of the natural world. Isaac Newton's famous observation, "If I have seen further it is by standing on the sho[u]lders of Giants," 1 8 encapsulates this vision of cumulative advancement. This accretive vision grew naturally from the orderly worldview of Newtonian mechanics and the Enlightenment commitment to progress, and reflects how most elementary science textbooks characterize scientific progress. To take an example from physics, traditionalists would see the works of 14. KUHN, supra note 9, at 10. 15. Id. 16. While empirical validity and enhanced predictive power motivate the adoption of a new paradigm, Kuhn points out that paradigms are social constructions whose existence depends in large part on human consensus rather than objective correctness. Because paradigms represent embodiments of scientific consensus at any given time, they may be difficult to identify as they occur and their contours may exhibit some flux. A paradigm may appear more concrete to historians in hindsight than it did to individuals who practiced science within it.
17. Within the historiography of science, there is still some disagreement between those who accept an accumulative model, which emphasizes the incorporation of past achievements, and others, like Kuhn, who highlight nonlinear, revolutionary progress. See JOHN LOSEE, THEORIES OF SCIENTIFIC PROGRESS (2004) (providing arguments in favor of both accumulative and paradigmatic models of scientific advancement). Without entering the debate over which is more correct, the historical evidence in favor of Kuhn's theory corroborates its value as a framework for evaluating the relationship between patents and scientific progress. See, e.g., KUHN, supra note 9, at 11-12 (discussing the history of optics); id. at 13-18 (describing the development of theories of electricity); id. at 68-69 (discussing the emergence of Copernican astronomy). Furthermore, Kuhn acknowledges the value of accumulative processes in normal science, where prior discoveries inform subsequent work within a prevailing paradigm. id. at 15. Therefore, the most complete reading of Kuhn reveals that his theory integrates both the accumulative model of progress in normal science and the revolutionary progress that defines paradigm shifts.
18. 2004] Galileo, Newton, and Einstein as forming an orderly chain of discoveries building toward higher levels of truth.
Drawing from his empirical work both as a historian and scientist, Kuhn challenged this accretive vision. Examining myriad scientific revolutions throughout history, Kuhn concluded instead that science advances most profoundly not through smooth, linear progressions but through disjointed paradigm shifts from one dominant theoretical framework to another. The history of optics provides an illustrative example. In the eighteenth century, Newton conceived of light as material corpuscles that flew through the air. 1 9 Later, studies by Thomas Young and Augustin Fresnel in the nineteenth century seemingly demonstrated that light was best understood as transverse wave motion. 20 Finally, Planck and Einstein in the early twentieth century showed that light is composed of photons, quantum-mechanical entities that display properties of both waves and particles. 2 1 At each transition, empirical inconsistencies and inexplicable data ultimately forced scientists to abandon the dominant paradigm and adopt a new one that more clearly and cleanly explained observable phenomena. Our understanding of optics progressed not in a smooth linear fashion but through a succession of dramatic gestalt shifts in how scientists conceived of light.
Kuhn thus distinguished two modes of scientific endeavor: "normal science" and epoch-changing "paradigm shifts." Normal science, which characterizes the vast majority of scientific activity, involves experimentation and application within a dominant paradigm. An example of normal science is the period prior to Oswald Avery's identification of DNA as the basis for genetic inheritance, when molecular biologists around the world focused on proteins rather than nucleic acids as the material for genetic transmission. Research during periods of normal science focuses on filling out the dominant paradigm, addressing interstitial theoretical gaps, and pursuing lines of research that the paradigm itself suggests as worthwhile. The paradigm defines certain puzzles, and normal science works to solve those puzzles. 22 In the course of refining the dominant paradigm, however, inconsistencies begin to emerge. In Kuhn's vision, normal science ultimately "generat[es] anomalous results that cannot be explained in terms of the prevailing theory,, 23 and unexpected ways. In this manner, Planck, Einstein, Heisenberg, and others abandoned Newtonian mechanics, with its emphasis on continuity, and developed quantum mechanics to explain the properties of subatomic particles. Ultimately, "insurgent" scientists discredit and discard the old theory, and a new one takes its place. A paradigm shift has occurred. Soon, normal science begins afresh, and scientists work to fill out the details and nuances of the new framework. Like Stephen Jay Gould's concept of "punctuated equilibrium, ' 24 the scientific community, after undergoing a seismic paradigm shift, eventually settles into the homeostasis of normal science until a new theory comes along to displace the current one. 25 Drawing from these observations, Kuhn recognized several kinds of scientific progress. Within normal science, dominant paradigms present problems, and "the result of solving those problems must inevitably be progress. 26 Turning to paradigm shifts, Kuhn drew an analogy between deep scientific progress and biological evolution. 2 7 Just as natural selection has led to a "steady emergence of more elaborate, further articulated, and vastly more specialized organisms, '28 each successive paradigm.
distinguishes itself from the one it displaces by representing an "increasingly detailed and refined understanding of nature." 29 As with Darwinism, Kuhn felt that his vision of progress through paradigm shifts would unsettle traditionalists because it posited development away from primitive origins but toward no particular goal. 30 While Kuhn denied that science had a definable teleological end, his exposition of the structure of scientific revolutions nevertheless reveals a commitment to the concept of scientific progress. The theory of paradigm shifts thus provides an analytic framework for evaluating patent law's contribution to scientific advancement. Patent 25. Interestingly, several scholars have applied the theory of paradigm shifts to explain progress in law. In this view, a particular legal doctrine represents a dominant paradigm. In an analogy to normal science, courts hear cases and fill in interstitial gaps within the doctrine, stretching and adapting the doctrine to address novel factual predicates. Adverse outcomes or external forces such as changing social mores lead to increasing distinctions and exceptions to the doctrine. Ultimately, in a process symbolized by reversal, an authoritative court induces a paradigm shift by renouncing the old doctrine and articulating a new one to take its place. Lower courts then resume the normal business of filling out the details of the dominant legal paradigm. In exploring the contribution of patents to paradigm shifts, it is first useful to examine how contemporary patent scholars have conceptualized the relationship between patents and progress. Arguments both for and against patents demonstrate the degree to which legal commentators have been preoccupied with relating patents to normal progress rather than to the evolution of scientific theory. Taking this analysis a step further, the argument that patents actually deter scientific exchange within prevailing paradigms is important in establishing the larger thesis that patents encourage the generation of alternate scientific theories that drive paradigm shifts.
II. INNOVATION-ENHANCING AND INNOVATION-INHIBITING EFFECTS

OF PATENTS N NORMAL SCIENCE
A. Traditional Justifications for Patent Law
The Copyright and Patent Clause reflects the conventional wisdom behind patent protection: Granting a limited monopoly creates incentives for innovation in science and technology. 33 (2004) .
33. Malla Pollack has argued that "Progress" in the Constitution is actually best read to mean "spread" or "diffusion" rather than some notion of substantive innovation. This insight appears to run contrary to this Note's assumption that encouraging innovation represents the primary rationale for patents. Pollack, however, concedes that "according to Enlightenment Idea of Progress theorists, wide dissemination of information was a requirement for qualitative improvement of arts and sciences." Id. at 773. Ultimately, then, even Pollack's Imaged with the Permission of Yale Law Journal technical innovations, patents increase the value of such innovations and ensure that more will be generated, thus benefiting society as a whole. 34 Courts have recognized that the two main objectives of the patent system are to provide incentives to invent and to disclose. 35 Traditional patent theory also posits that patents provide an incentive to put existing inventions to good use. Following the creation of a new invention, considerable effort and resources are typically required to develop it into a marketable product. 36 The lure of monopoly profits encourages firms to invest in developing existing inventions into practical applications. 37 In a competitive economic landscape, innovative firms displace those unwilling to invest in new technologies in a dynamic process of "creative destruction., 38 Prospect theory holds that patents facilitate innovation by rationalizing the allocation of resources necessary to develop a particular invention. 39 An analogy exists between patent rights and prospecting rights for mineral extraction. In the absence of such an exclusive right, a tragedy of the commons may ensue, in which multiple parties simultaneously attempt to exploit the same resources, leading to overuse and inefficient allocation of social resources. 40 The sentiment that "private ownership of physical goods is justified because of the tragedy of the commons or problems with efficiency ' A applies to intellectual property as well. Whereas a single patent holder can orchestrate exploitation of a technological prospect, allowing all parties free access to that prospect may produce "chaotic, duplicative, and wasteful" effort. 42 reading of "Progress" as "spread" leads to a conclusion that the Framers intended for patents to contribute to scientific progress by stimulating innovation.
34. JOAN ROBINSON, THE ACCUMULATION OF CAPITAL 87 (2d ed. 1966). Because this Note is concerned with examining the relationship between patents and scientific progress, it does not specifically consider what can be analogized as the "authorial" rights of an inventor in his or her work. This type of claim, which finds some parallel in the copyright concept of "moral rights," might argue for patent protection based on some inherent respect for the individual integrity of the inventor. This Note instead focuses on (and extends) progress-based rationales for patent systems that have long dominated academic and policy debates.
35 
Norms of Communal Sharing and Implications for Patent Law
Contrary to traditional patent theorists, normative and transaction cost analyses reveal that patents may actually hinder progress. Sociologist of science Robert Merton has suggested that patents undermine the communal values that promote normal science. 43 Merton characterized science as combining four normative pillars: universalism, communism, disinterestedness, and organized skepticism. 44 While patent regimes impinge on all of these norms, they particularly impact scientific communism, the principle that "[t]he substantive findings of science are a product of social collaboration and are assigned to the community." 5 Merton's empirical studies debunked the popular conception of the solitary scientist toiling alone in his laboratory. He showed instead that scientists work in communities, where sharing information, theories, and even materials fundamentally facilitates basic research. Drawing from this communal norm, Merton argued that scientific knowledge constituted "a common heritage in which the equity of the individual producer is severely limited., 46 Scientists depend on each other to validate their claims, particularly in the context of peer-reviewed scientific publications, and access to research findings and methodologies is therefore crucial. This ethic whittles individual property rights in scientific knowledge "down to a bare minimum.' frustrate science. 49 Merton sharply disapproved° of the Supreme Court's decision in United States v. American Bell Telephone Co., which stated, "The inventor is one who has discovered something of value. It is his absolute property. He may withhold the knowledge of it from the public .... ,,5 Ultimately, Merton perceived a sharp conflict between "the communal character of ownership in new scientific discoveries and the exclusivity of private property rights in a capitalist economy. ' , 52 Some patent scholars have echoed Merton's condemnation of intellectual property rights, particularly in the context of biomedical research. These scholars observe a fundamental tension between the proprietary development of end-product pharmaceuticals and the research community's tradition of open, communal science. 53 Privatization and commercialization "threaten to undermine certain cornerstones of our scientific infrastructure. 54 Robert Merges notes that the harsh, individualistic nature of property rights clashes with science's communal spirit. 55 In tangible terms, these observations have led to "renewed interest in eliminating patents for scientific research directed toward isolating and characterizing human genes. 56 The prescription arising from these critiques is a narrowing of patent regimes to preserve the communal norms that are vital to facilitating scientific exchange and, ultimately, progress itself. 55. Id. at 145 ("[C]ommercializing the heretofore noble, pure, and otherwise untainted field of science is not just poor policy, but intrinsically bad."). Ambivalence over patent law arises not only from its conflict with norms of communal sharing in science, but also from its conflict with free-market economic principles. See, e.g., Diamond v. Chakrabarty, 447 U.S. 303, 319 (1980) (Brennan, J., dissenting) ("The patent laws attempt to reconcile this Nation's deep-seated antipathy to monopolies with the need to encourage progress.").
56. Merges, supra note 54, at 146. 57. Of course, eliminating patents would not necessarily lead to the kind of communal sharing that Merton, Merges, and others advocate. Given the increasing commercialization of science, if patents were unavailable parties could conceivably opt for different, potentially stronger forms of intellectual property claims, such as trade secrets, to protect the confidentiality of valuable information against unauthorized access. In the anticommons framework, trade secrets would have an even more deleterious impact on scientific progress, because the element of public disclosure-perhaps the only redeeming function of patent regimes in a communalist framework-would be absent. Implicit in the communalists' arguments against patents, therefore, is an assumption that even stronger forms of trade secret protection would not be available. Consistent with this conceptualization, when this Note discusses policy prescriptions to weaken patent regimes, it assumes a general loosening of intellectual property protection that would include appropriately modifying trade secret law.
Imaged with the Permission of Yale Law Journal [Vol. 114:659 The observations of Merton and like-minded patent commentators relate to a broader debate over whether communal sharing or strictly enforced individual property rights best facilitate progress in collaborative enterprises. Yochai Benkler has described how sharing norms in areas such as parallel computing and carpooling lead to significant economic production. 58 Regarding information technologies, Lawrence Lessig has argued that the Internet should function as an "information commons" based on open source technologies, 59 a rationale that also underlies the Linux operating system. Such a model's commitment to sharing reflects the view that individual property rights in the information sciences may in fact discourage innovation. 6° Policymakers advocating a public domain for science have also invoked the innovation-enhancing effects of the fair use doctrine in copyright. 61 In a general sense, "society as a whole would be best served by the rapid and free dissemination of all newly conceived ideas, so that maximum productive use of the idea could be made at the earliest possible moment. 6 2
The Tragedy of the Anticommons
Merton's normative critique of individual property rights finds further expression among property scholars who warn against the tragedy of the anticommons. Classical property theory posits that the absence of property rights over a particular resource leads to overuse, resulting in a tragedy of the commons. 6 3 The converse situation, in which too many individuals hold rights to exclude over the same resource, leads to inefficient underuse. Commentators have dubbed this the tragedy of the anticommons, and such a phenomenon explains why patents may actually inhibit what Kuhn would recognize as normal science, particularly in biomedical research.
An anticommons is "a property regime in which multiple owners hold effective rights of exclusion in a scarce resource." 64 Because disparate parties exercise effective rights to exclude over the same resource, nobody invests in developing the store, leaving shelves barren and customers scarce. 68 Heller contrasts this with the situation of street kiosks in Moscow: Individual owners exercise a significant amount of control over their kiosks, which attract frequent customers and whose shelves are regularly stocked with goods. 6 9 Applied to biomedical research, the tragedy of the anticommons explains how patents may actually deter innovation. 7° While earlier commentators focused on innovation as a unitary act by a single player, expositors of the tragedy of the anticommons recognize the multiparty, multiphase mechanics of contemporary research and development. Patents on upstream research tools can inhibit downstream research that depends upon those tools as critical inputs to experimentation. 7 1 Thus, for example, patents on research tools necessary to screen therapeutic agents can inhibit a pharmaceutical company's efforts to develop marketable drugs. In short, "intellectual property rights have threatened to restrict access to materials and techniques that are critical for future research., 72 While patents have contributed to unprecedented levels of investment in biomedical research and development, in the long run their exclusionary function "may hinder rather than accelerate biomedical research. 7 3 A tragedy of the anticommons can impede scientific practice in several ways. In some cases, literal enforcement of the patentee's right to exclude can lead to the outright failure of scientific exchange with other researchers. Normally, however, upstream patentees have a financial incentive to 65 This raises the question of whether markets for determining licensing fees are truly efficient. Additional obstacles such as administrative burdens, time constraints, and lack of familiarity with licensing procedures may also prevent scientists from obtaining licenses for research tools even when equilibrium prices are otherwise acceptable. 75 The need to independently negotiate and "bundle" licenses from multiple patent holders can significantly raise transaction costs and create potential holdout scenarios where patentees can charge a premium for their licenses.
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C. The Mixed Relationship of Patents to Normal Scientific Progress
Significantly, both traditional patent theorists and expositors of the tragedy of the anticommons frame their observations in the utilitarian language of promoting technological development and mainstream research. Even Merton, who addressed the role of patents in basic scientific research, situated his views in the everyday work of the scientific community and did not consider paradigmatic innovation. Both sides of the patent debate thus exhibit a preoccupation with what Kuhn would consider normal science. It is interesting to consider, moreover, the startling degree to which arguments of both schools resonate with Kuhn's framework and reveal the conflicting effects of patents on normal scientific progress.
Traditional patent theory reveals several characteristics of patents that encourage progress in normal science. The disclosure requirement helps define new paradigms by illustrating and publicizing the scientific theories that underlie novel technologies. 80 Furthermore, centralized government registration of patents helps establish scientific consensus. An intellectual property landscape featuring patents on gene splicing, PCR protocols, and oncogenic mice reveals that molecular biologists have firmly embraced the primacy of DNA both as a determinant of disease and as a promising source of new therapies. Perusing a database of patent applications can quickly reveal the lines of inquiry that a particular scientific community has deemed meaningful and worthwhile.
Finally, patents reinforce paradigms by directing research along a particular template. In licensing agreements, downstream users situate their activities, both materially and cognitively, within the original patent holder's theoretical framework. Indeed, licenses may even dictate the manner in which the patented material may be used. Licensing thus facilitates the "filling out" or "puzzle solving" functions of normal science. A licensing agreement is not an opportunity for challenging the basic presumptions of an underlying theory; rather, it is an event that allows extensions and refinements of a particular paradigm.
Patents, however, exhibit a split personality. While they provide incentives to invent and to disclose new products and processes, they simultaneously create a right to exclude others from using them. Patents, therefore, have a mixed relationship to progress in normal science. 81 As we have seen, patents undermine sharing norms that facilitate communal paradigm definition and exploration. While patents may help publicize new theories and research tools, patents also build proprietary fences around them that inhibit their widespread exploitation. Strictly enforced intellectual property rights, particularly on research tools, threaten collective puzzle solving within paradigms.
Furthermore, the high transaction costs associated with tragedies of the anticommons can discourage valuable knowledge transfer. Normal science is cumulative and operates best with efficient networks for scientists to appropriate and augment each other's intellectual work. Patents lead to excessive exclusivity, thus undermining scientists' capacity to gather technical knowledge and explore the theoretical contours of prevailing paradigms.
Ultimately, the degree to which patents exert a net positive or negative effect on innovation in normal biomedical science is a complex empirical question that this Note does not attempt to resolve. 8 2 Based on interviews with intellectual property attorneys, scientists, business representatives, and government officials, John Walsh and his colleagues concluded that patents on research tools rarely prevent the pursuit of worthwhile projects. 83 To a certain extent, scientific norms still generate social pressure to share materials, particularly with nonprofit entities. 84 In many cases, patentholding scientists assert far less than their full exclusionary rights. 85 Pharmaceutical companies frequently exercise "rational forbearance" in deciding not to sue investigators at research institutions for patent infringement. 86 university lawyers haggle over the rights and licensing agreements. 8 7 The NIH's declaration that raw human genomic DNA sequence information should not be patentable as a matter of doctrine and policy reflects the sustained ethos of communal sharing of scientific knowledge.
Significant evidence, however, reveals that intellectual property rights are directly or indirectly impeding productive scientific exchange in biomedical research. In one survey, Eric Campbell and others found that twenty-seven percent of geneticists cited the need to honor the requirements of an industrial sponsor as an important reason for withholding research results, techniques, and materials useful in future investigations from fellow academic scientists. 88 In the same survey, twenty-one percent of geneticists cited the need to protect the commercial value of results as a reason for withholding data and materials from others. 89 The 1988 decision by Cetus, a private biotechnology firm, to enforce aggressively its patent on PCR technology--even with exceptions for academic research-raised concerns that such enforcement would discourage university scientists from adopting the technology. 90 95 While further empirical investigation is necessary to quantify the net relationship of patents to normal scientific innovation, these studies indicate that patents' influence on innovation is not always salutary, and that the tragedy of the anticommons is a phenomenon to be taken seriously. If nothing else, the unique status of research tools as gateways to basic scientific research and downstream development suggests that patent law should treat them differently than traditional end products, a concept this Note more fully addresses in Part IV. As we will see, the potential to constrain normal progress appears particularly troubling given the recent expansion of patents over research tools, the inputs of basic biomedical research. Ultimately, however, these constraints may provoke attempts by researchers to transcend the limitations of normal scientific practice through innovations in scientific theory.
III. THE CHANGING LANDSCAPE OF BIOMEDICAL SCIENCE AND IMPLICATIONS FOR NORMAL SCIENTIFIC PROGRESS
A. Trends Encouraging Greater Patenting of Research Tools
The potential for tragedies of the anticommons is particularly salient within the field of biomedical research. Rapid scientific advances, growing commercial interest in biomedical research, changes in U.S. patent policy, and the strengthening of patent doctrine have created a contemporary landscape in which patents are increasingly influencing the mode, scope, and direction of biomedical research.
By the mid-1970s, biomedical technology had made significant strides as a productive area of university research and had attracted considerable commercial interest. 9 6 In 1980, Stanford researchers Stanley Cohen and Herbert Boyer patented the technique for gene splicing, which became one of the most profitable university-based intellectual property assets of its generation. 97 Bayh-Dole Act. 98 Contrary to previous practice, the Act permitted and actively encouraged universities to patent inventions and discoveries that arose from publicly funded research. 99 Though advances in molecular biology in the late 1970s had already led some universities to seek patents, patenting activity increased sharply after the passage of the Bayh-Dole Act. 100
During this period, courts also strengthened patent doctrine. In 1980, the Supreme Court held in Diamond v. Chakrabarty that a live, humanmade microorganism constitutes patentable subject matter' 0 1 and thus "opened the door to patenting the organisms, molecules, and research techniques emerging from biotechnology." 1 0 2 With the express objective of unifying and strengthening the patent law, Congress created the Court of Appeals for the Federal Circuit in 1982. 103 The Federal Circuit has adopted a generally supportive attitude toward patents, which has heightened patenting activity and promoted imaginative claiming strategies. 99. Notably, the Act begins by stating, "It is the policy and objective of the Congress to use the patent system to promote the utilization of inventions arising from federally supported research or development." 35 U.S.C. § 200 (2000). Before the Bayh-Dole Act, university-based researchers could apply for individual patents on inventions arising from public funds, but these applications were subject to federal review on a case-by-case basis. In the 1960s and 1970s, the Department of Health, Education, and Welfare and the National Science Foundation negotiated several institutional patent agreements with individual universities. Prior to the Bayh-Dole Act, however, statutory default rules held that the federal government retained all intellectual property rights arising from publicly funded research. See Mowery et al., supra note 72, at 10 1-03. 100. Rai & Eisenberg, supra note 53, at 291-92. The Bayh-Dole Act has been called " [p] ossibly the most inspired piece of legislation to be enacted in America over the past halfcentury." Innovation's Golden Goose, ECONOMIST, Dec. 14, 2002, at 3, 3. The apparent benefits of the Bayh-Dole Act have prompted attempts to emulate it in Germany and the United Kingdom. Ashley J. Stevens, The Enactment of Bayh-Dole, 29 J. TECH. TRANSFER 93, 93 (2004) . Its exact contributions to patenting and scientific progress, however, are the subject of considerable academic debate. David Mowery and Arvids Ziedonis conclude that the Act itself had little effect on the content of academic research, though it did lead some universities to enter the realm of patenting and licensing. Mowery 
B. The Narrowing of the Experimental Use Exception
The anticommons hypothesis depends on the exclusivity of property rights over patented material. Patent law, however, has traditionally allowed free use of patented material for strictly academic, philosophical, and noncommercial applications. In its original form, the so-called "experimental use exception" legally instantiated Merton's norm of scientific communism and facilitated the communal puzzle solving that is characteristic of normal science. The vanishing distinction between commercial and noncommercial science, however, has led to a severe narrowing of experimental use. Justice Story's 1813 opinion in Whittemore v. Cutter laid the foundation for the common law experimental use defense." 1 5 Regarding an infringement suit over a card-making machine, Justice Story stated in dictum, "[I]t could never have been the intention of the legislature to punish a man, who constructed such a machine merely for philosophical experiments, or for the purpose of ascertaining the sufficiency of the machine to produce its described effects."' 16 Central to this early formulation of experimental use was a distinction between commercial and noncommercial applications of patented material. In a later decision, Justice Story described commercial use as "the making with an intent to use for profit, and not for the mere purpose of philosophical experiment, or to ascertain the verity and exactness of the specification. Imaged with the Permission of Yale Law Journal [Vol. 114:659 2004] Contemporary courts, perhaps responding to the increasingly commercial nature of scientific research, no longer yiew academic science in this romantic light. In 2002, the Federal Circuit held in Madey v. Duke University that Duke's use of laser technology that had been previously patented by a recently departed researcher constituted infringement. 22 In holding for plaintiff Madey, the court stated that "so long as the [suspect] act is in furtherance of the alleged infringer's legitimate business and is not solely for amusement, to satisfy idle curiosity, or for strictly philosophical inquiry, the act does not qualify for the very narrow and strictly limited experimental use defense."' 123 Duke had advanced the argument that it qualified for the experimental use exception because its alleged infringement served no commercial purpose and occurred within the context of nonprofit university research. The court, however, repudiated this argument with a broad interpretation of "business" application. Duke's use of the patented laser technology "unmistakably further[ed] the institution's legitimate business objectives, including educating and enlightening students and faculty participating in these projects.
1 24 These projects enhanced Duke's reputation and allowed it to "lure lucrative research grants, students and faculty."' ' 25 Because Duke is in the business of teaching and conducting research, use of Madey's patented laser represented a commercial application and, therefore, patent infringement. Under Madey, universities-historically the paragons of disinterested research-can no longer unequivocally claim an experimental use defense for academic uses of patented material.
Other recent decisions have also articulated an extremely narrow construction of "experimental use." In Integra Lifesciences I, Ltd. v limited" view of the experimental use exception. 128 The court also affirmed Madey's holding that even a nonprofit university's use of patented material could serve business objectives, thus constituting patent infringement.129 While the experimental use defense has rarely succeeded in practice, it has long been available in theory.' 30 Increasingly, however, courts are cutting away at the theoretical basis of the doctrine itself.
These developments have led some scholars to conclude that, in general, U.S. law does not exempt research activities from patent infringement claims. 13 ' In response, commentators have argued that the benefits of unencumbered scientific exchange "would lead us to consider very seriously proposals to formalize a line of legal decisions hinting at a pure research exemption to patent infringement."' 132 The challenge of combining the powerful incentive of monopoly power with the exchangeenhancing properties of open access lies at the heart of patent policy, and is a fundamental question to which this Note will return. Nevertheless, in concrete terms, Duke and other universities are "reeling at the prospect of a 'major behavioral change"' in the wake of Madey. 133 Experimental use no longer represents a practicable defense against charges of patent infringement for the vast bulk of university research.
C. Implications of Commercialization for Patent Law and Scientific Progress
Scientific, economic, statutory, and legal trends-including the narrowing of the experimental use exception-have set the stage for patents to exert an ever-growing influence over biomedical research. As scientists seek to patent more and more inputs of biomedical experimentation, they will patent products and processes earlier in the development chain, where patents play their most significant role.
Unsurprisingly, some have welcomed the extension of patents over research tools as bringing the traditional incentives of innovation to this 129. Id. at 297 ("The proper focus is not on whether uses are non-commercial or not-forprofit but rather whether they are in keeping with defendants' customers' legitimate business objectives, including educating project participants, and increasing the university's or laboratory's status or ability to lure research grants, students, or researchers; but not solely for amusement, to satisfy idle curiosity, or for strictly philosophical inquiry.").
130 34 In its defense, Merck invoked 35 U.S.C. § 271(e)(1) (originally passed as part of the Hatch-Waxman Act), which allows companies free use of patented materials for the purpose of conducting preliminary tests on candidate drugs for FDA approval.
1 35 The Federal Circuit rejected Merck's unlicensed use of the peptide, a research tool, explaining that allowing Merck's free use of this material "would effectively vitiate the exclusive rights of patentees owning biotechnology tool patents.' 36 Recognizing the value of research tools in various aspects of drug development, 37 the court stated that the incentives and rewards of the patent system should be available to encourage the creation and marketing of these products.
The concerns of the anticommons school thus appear to have considerable weight. Arti Rai contends that "the highly aggressive patenting of basic research encouraged by post-1980 statutory and case law does not in fact further the economic goal of developing new products."' ' 38 Consequently, she argues for a larger public domain in research.
1 39 Even scientists who have no intention of patenting their discoveries run up against the patents of others when attempting to use protected research tools. 140 Significantly, patent doctrine accentuates the ramifications of patents on research tools. "Because the princip[al] constraint on the scope of patent claims is prior knowledge in the field of the invention," patents on research tools in novel fields lacking prior art may be quite broad.1 41 In this manner, patents on products, processes, and equipment in relatively unexplored fields can grant scientists an extensive scope of proprietary rights over uncharted territory.
On a deeper level, the increasing patenting of research tools means that the "private fence" of property rights will come nearer and nearer to enclosing theories themselves. Traditional patent doctrine confines patent 1) (2000). This provision of the Hatch-Waxman Act is commonly referred to as an "experimental use exception," but it is a very different kind of exception than Justice Story's creation in Whittemore. The Hatch-Waxman exception allows pharmaceutical firms to use protected material in order to conduct tests to develop potential generic versions of patented drugs. Id.; see supra note 61. As such, it contemplates a clear commercial application of patented material, which distinguishes it from the Whittemore doctrine that specifically and solely exempted noncommercial uses of patented material in scientific inquiry.
136 146 Newton's hypothesis that white light contains the full spectrum of colors is intimately related to the physical prisms he used to split light. Abstract theories of high-energy physics and subatomic particles find physical expression in the concrete, wires, and intricate designs of particle accelerators. The current biological paradigm focusing on the therapeutic potential of DNA manipulation has produced and assigned great value to a closely related material culture of gene splicing techniques, PCR protocols, and human embryonic stem cells. If the materials and procedures necessary to investigate a particular theory are strictly patented, then in some relevant sense individual property rights inhere in the theory itself. These exclusive rights to explore theories, moreover, can play an important role in inducing paradigm shifts.
IV. PATENTS, PARADIGM SHIFTS, AND SCIENTIFIC PROGRESS
A. Alternative Hypothesis Generation and the Path to Paradigm Shifts
While traditional patent scholarship argues that patents promote progress, the anticommons theory counterintuitively posits that patents may have the opposite effect. This Note offers another perspective and applies the theory of paradigm shifts to reveal once again how patents contribute to progress, though in terms and scope that neither traditional patent scholars nor proponents of the anticommons have addressed. Patents on upstream research tools raise the cost of conducting downstream biomedical research. At the margin, these higher costs provide an extra incentive for scientists to reconceptualize "familiar" natural processes in ways that do not rely on patented research tools for their exploration. Patents on critical inputs to experimentation thus encourage the generation of radically novel theories about the structure and function of natural phenomena, an essential first step in paradigm shifts. In Kuhn's framework, empirical inconsistencies and limitations of predictive power motivate scientists to challenge a dominant paradigm with insurgent theories. Patents provide additional incentives-legal and economic-to theorize outside of a dominant paradigm. If specific biological materials are indispensable for conducting a certain line of research, patents on those materials can hinder experimentation to such an extent that a scientist is induced to develop alternate ways of conceptualizing and investigating the subject of her research. After all, "[w]hen progress in research depends on the relatively unfettered flow of low value exchanges of information and materials among scientists, a proliferation of intellectual property claims to the objects of these exchanges may impose transaction costs that consume the gains from exchange. 147 In traditional patent theory, patents provide an incentive to innovate in order to receive payments from others; in an anticommons or Kuhnian sense, patents provide an incentive to innovate in order to avoid paying someone else and accepting exogenous constraints on one's research. These legal and economic considerations shore up existing empirical, epistemological, and reputational incentives for challenging dominant paradigms. Consistent with Kuhn's framework, patents can induce failures of normal science that then provoke paradigm shifts.
Central to this argument are the unique role of research tools as gateways to basic research, the growing commodification of science, the rise of patents on research tools, and the consequent encroachment of patents on the realm of abstract theory. Patents are increasingly important to determining whether and how a scientist engages in a particular line of experimentation. Commercial pressures are motivating increased patenting of research tools, which include inputs earlier and earlier in the development chain. The costs and limitations of working with patented research tools provide an incentive for scientists to seek out new ones. This can translate into an incentive to fundamentally reconceive of particular scientific problems in ways that do not depend on patented inputs for their exploration. For a neuroscientist working on a treatment for Alzheimer's disease, the exclusive patents on human embryonic stem cells provide an incentive not only to investigate alternate mechanisms for neurogenesis but also to test alternate theories of brain structure, physiology, and the pathology of Alzheimer's itself.
A landscape of heavily patented research tools will, of course, engender different responses from different scientists. Some may expend the 147. Eisenberg, supra note 87, at 234.
Imaged with the Permission of Yale Law Journal 2004] resources to collect multiple licenses, others may abandon a particular line of research, and others may simply infringe and risk litigation. At the margin, however, the obstacle of patents will provide the additional incentive for some scientists to imagine, formulate, and test novel theories of natural phenomena that require an entirely unprecedented set of research tools for their investigation. By preventing scientists from exploring mainstream theories, patents encourage them to develop novel ones. 148 Interestingly, courts have long recognized an analogous property of patents, though they have never applied it in Kuhnian terms at the level of scientific theory. In State Industries v. A.O. Smith Corp., for example, the Federal Circuit concluded, "One of the benefits of a patent system is its socalled 'negative incentive' to 'design around' a competitor's products, even when they are patented, thus bringing a steady flow of innovations to the marketplace." 149 The Federal Circuit, in another case citing State Industries, likewise held that the "incentive to 'design around' patents is a positive result of the patent system."' 150 Courts, then, have recognized the valuable burdensome role that patents play as roadblocks that innovators must then creatively evade. While judicial discussions of "inventing around" have only addressed the level of technological designs, the concept of paradigm shifts illustrates that "inventing around" also operates at the level of scientific theory. By analogy, patents on research tools-vital inputs to basic science experimentation-encourage scientists to "theorize around" established paradigms.
This radical theorization represents the alternative hypothesis generation lying at the heart of paradigm shifts. This Note does not argue that the obstacle of patents will automatically lead an insurgent theorist to put forth a more "correct" alternative theory. The mechanism by which patents encourage paradigm shifts involves much wasted activity," 5 5 which is perhaps an intrinsic quality of macroscopic scientific (as well as organismic) evolution. In some cases, it may simply be impossible to find a route to scientific progress that does not require using research tools belonging to another party. In other cases, however, the roadblock of patents will stimulate scientists to generate new hypotheses about how a particular biological process functions. Many of these hypotheses will 148. It would be ideal to be able to cite case studies where research tool patents so frustrated scientists that they developed newer and more accurate theories about a particular scientific problem. The extension of patents, over research tools in biomedical science, however, is a relatively recent phenomenon, coinciding with scientific, economic, statutory, and legal developments of the past few decades. In a wider sense, paradigm shifts of any magnitude are extremely rare. Therefore, while patents sow the seeds for paradigm shifts, the dynamic described here may require several generations to fully come to light. prove wrong, and their failures will further validate the existing paradigm. But just as one random mutation among billions will lead to a fitnessenhancing adaptation, some alternative theories will more cleanly and completely explain how natural processes function and will exhibit greater predictive capacity than the current state of the art. This type of alternative hypothesis generation is the critical imaginative spark that induces paradigm shifts. Kuhn's observations highlight the deep, paradigmatic progress that defines scientific revolutions. Applying these observations to the empirical realities of modem commercial research, the traditional links between patents and progress appear to be inverted. As Bruce Abramson explains,
The patent system was designed to insure that the knowledge embodied in the patented good is disseminated widely, while the commercial exploitation of that knowledge by anyone other than the patent holder is severely restricted. This protection may be viewed as shallow for scientific purposes but deep for commercial purposes. 152 Within the anticommons reality of modem biomedical research, patents can frustrate downstream development and create an incentive to fundamentally reconceptualize research problems. Paradoxically, intellectual property protection in the biomedical field may actually function as shallow for technological progress but deep for scientific purposes. Christopher Hazuka asks the rhetorical question, "[I]s the patent system promoting innovation overall when thousands of laboratories, physicians, and scientists must... pay for the fight to study or use [a particular] DNA sequence to develop therapies?"' ' 53 Considering only the conditions most conducive to alternative theory generation, the answer may be a surprising yes. 15 4 152. Abramson, supra note 3, at 99 (footnote omitted). Though Abramson does not frame his observations in these terms, one could analogize "scientific purposes" to the deep progress of paradigm shifts and "commercial purposes" to the application of prevailing theory, a characteristic of normal science.
153. Hazuka, supra note 91, at 172-73. 154. In highlighting the benefits of paradigm shifts, it is important to acknowledge their extreme rarity relative to normal scientific activity. Paradigm shifts are once-in-a-generation (indeed, generation-defining) events, whereas normal science comprises the vast majority of scientific activity at any given time. For some, the prospect of structuring the patent system to favor seismic paradigm shifts at the expense of normal science may be likened to striving for wealth by spending all of one's income on lottery tickets. Several responses to this counterargument arise. First, if expected income is a product of the magnitude of a particular payoff and its probability of occurring, then the profound-perhaps immeasurable-value of paradigm shifts may indeed justify a "wasteful" patent system that encourages their inducement. One must bear in mind that evolutions of scientific theory are valuable not only as epistemological ends in themselves, but as gateways to new generations of useful applications that exploit more sophisticated understandings of nature. Regarding the issue of probability, policymakers can attempt to calibrate patent regimes to accelerate hypothesis generation and increase the frequency The Yale Law Journal [Vol. 114: 659 While this Note has framed paradigm shifts as distinct from normal science, it is important to underscore the centrality of normal science to facilitating these profound reformulations of scientific theory. Normal science and paradigm shifts form an inseparable dialectic in which one defines and induces the other. Patents on research tools encourage scientists to take the foundational step of positing new theories and conducting experiments to evaluate them. In order to truly challenge the dominant paradigm, however, a new theory must be subject to normal scientific processes of falsification 155 and validation; only consistent affirmation of an insurgent theory provides the necessary predicate for a paradigm shift.
Therefore, any attempt to encourage paradigm shifts must in some ways encourage normal science as well. This Note has highlighted the possibility that restricted access to research tools-and the concomitant inability to explore certain theories-will encourage scientists to "trade upward" for more sophisticated, empirically accurate paradigms. The possibility exists, however, for scientists to "trade downward," creating and even defending theories of biological phenomena with even less scientific merit than the status quo. The crucial mechanism that separates the meritorious wheat from the merely speculative chaff is normal science. Consequently, this Note's account of the benefits of an overpropertied research tool landscape should not be interpreted as a wholesale endorsement of restrictions on basic experimental inputs. After all, if normal science grinds to a halt, paradigm shifts will as well. Consequently, an ideal patent system would preserve both the normal-science-facilitating function of open access and the paradigm-shift-encouraging function of exclusive property. While the current patent system attempts to strike the proper balance, the prospect of monopolies on upstream, gateway research tools counsels for a surprising inversion of traditional patent logic.
B. Research Tools, Upstream Monopolies, and the Inversion of Traditional Patent Logic
In this analysis, patents emerge as a switch that can selectively create conditions conducive to paradigm shifts or conditions conducive to normal science. Strict enforcement of patent rights over research tools, coupled with the collective action problems inherent in the anticomnons and the of breakthrough discoveries. Second, insistence on a stark dichotomy between normal science and paradigm shifts is a category mistake that misses the deep interrelationships between the two. As we will see, any meaningful attempt to structure a patent system to induce paradigm shifts must also ensure the robust operation of normal science.
155. See KARL POPPER, THE LOGIC OF SCIENTIFIC DISCOVERY (1959) (arguing that one of the defining attributes of science is that its claims are subject to "falsification," whereby a single substantiated counterexample can undermine a theory's validity).
absence of an experimental use exception, encourage the alternative hypothesis generation that sparks paradigm shifts. Intrinsic to the design of a patent system, however, is not just the period during which exclusive tights obtain. Equally important is the long-term equilibrium in which the law enables free appropriation of the innovative work of others. Expiration of the patent term initiates a legally sanctioned, essentially infinite period when intellectual assets that had required considerable private investment to produce are relegated to the public domain, thereby facilitating normal science. Given this more nuanced understanding of progress dynamics, policymakers may consider new models for structuring and sequencing these functions to better capture the benefits of both public access and private incentives to innovate.
While discussions of paradigm shifts and normal science necessarily engender a high degree of abstraction, Kuhn's framework reveals tangible policy prescriptions for structuring patent regimes. This analysis suggests a new model for patents on research tools in which a robust experimental use exception would exist for a finite period of time immediately following the granting of a patent. Under this proposal, materials and processes meeting the NIH definition of a research tool 156 would only be eligible for a new kind of patent, a so-called "research tool patent." A research tool patent would be identical to a traditional patent except for one critical difference: A robust experimental use exception would exist for a period of time-say five years-at the start of the patent term. 157 During this period, noncommercial experimental use of the patented research tool would be permitted, as in the experimental use doctrine prior to Madey. 158 Upon expiration of this safe harbor, any nonlicensed use of the patented material, even for experimentation with no direct commercial application, would 156 . See supra note 6. Under this proposed model, the Patent and Trademark Office (PTO), perhaps in consultation with the NIH, would determine whether or not a particular candidate product or process that satisfies all the requirements for patentability would receive a research tool patent or a traditional patent. PTO officials could consider the patent applicant's own assessment of whether the item constitutes a research tool, but the PTO would retain the discretion to make the final determination.
157. Defining an optimal length for the experimental use period would require Congress to investigate the cost structure of creating new research tools, rates of research tool invention and obsolescence, and the time horizon for conducting biomedical experiments. I suggest five years here as a reasonable balance between permitting sufficient time for scientists to conduct and publish experiments with novel research tools and allowing creative firms to begin recouping their costs relatively soon after their initial costs investments.
158. This proposal would use a more expansive definition of "experimental use" than the Federal Circuit articulated in Madey that would exempt all uses of a research tool that were not intended to produce, or that did not actually produce, a commercial application. This definition of "experimental" would thus reject the Federal Circuit's overly formalistic reasoning that Duke's use of patented laser technology constituted a business application simply because conducting research is the mission of a research university, 59 In this model, liberal experimental use of novel research tools would allow for the communal sharing that facilitates normal science within a given paradigm. 60 Free access to research tools closely associated with an insurgent theory of natural causation would enable members of the scientific community to engage in the crucial process of testing, refuting, and perhaps validating that theory. After a fixed period of open access, strict patent protection (even on experimental use) would commence, establishing the exclusive rights and high transaction costs that encourage innovation and paradigm-shifting theory generation.
Ironically, this system would invert current legal frameworks of intellectual property. Traditionally, patent terms commence by granting monopoly rights over new inventions, and expiration of the term initiates an open-ended period of free appropriation. Likewise, copyright law gives authors exclusive rights to control their works for a fixed period of time, after which they fall into the public domain.' 6 1 The system described here would privilege open access to novel research tools first, after which exclusive rights would revert to the original patentee in order to maintain the requisite incentives to innovate.
The key distinguishing factor that justifies this special treatment is the unique role that research tools play in enabling basic science research and downstream experimentation. Immediate access to research tools serves two valuable goals that do not apply to traditional end products. First, if research tools such as human embryonic stem cells are gateways to exploring a new scientific paradigm, free or low-cost access to those research tools is necessary to quickly and effectively explore the contours and scope of that paradigm. Access to research tools facilitates "filling in" interstitial gaps and identifying areas of promising subsequent investigation and technical exploitation. Second, immediate access to research tools is necessary to subject novel theories to falsification. 162 Patents on research tools, while encouraging alternate theory generation, threaten to stagnate 159. Id. at 1362. 160. Of course, this arrangement raises the potential for parties to appropriate materials protected by research tool patents under the guise of "experimental use," only to apply them to develop commercially valuable products that they then wish to patent. Under this proposal, the original research tool patentee would maintain ordinary patent rights to any commercial application of her patented material; all parties desiring to develop commercial applications from patented research tools within the first five years would be free to negotiate licenses to do so. During the five-year period, the granting of licenses for particular commercial applications would not affect the rights of third parties to continue unlicensed experimental use of patented research tools.
161. The duration of copyright varies depending on a number of factors, including when the author fixed or published the work. See 17 U.S.C. § § 301-305 (2000) .
162. POPPER, supra note 155.
normal science, allowing neither exploration nor refutation of broad conceptual assertions. Therefore, this Note proposes a time-limited experimental use exception to allow researchers unfettered access to novel research tools for the purpose of conducting normal science. These observations call into question the prudence of treating all classes of products-whether upstream enablers of downstream development or end-product consumer goods-identically in the eyes of the patent law. Creating monopolies of building-block resources in an upstream-downstream relationship presents qualitatively different problems than creating side-by-side monopolies of end products.
1 63 Research tools are, by definition, critical inputs of scientific experimentation and are often necessary to elucidate basic scientific theories. Therefore, as the anticommons proponents might argue, patents on research tools may uniquely frustrate the constitutional prerogative to "promote the Progress of Science and useful Arts."' 64 Ultimately, however, as this Note has sought to establish, the exclusionary function of patents can play an important role in the alternate hypothesis generation that lies at the heart of paradigm shifts and innovation in scientific theory. To the extent that research tools create proprietary fences around particular theories of physiology, pathology, or molecular biology, incentives to create new research tools also encourage scientists to create new theories for the natural phenomena they investigate. Though ignoring the vast potential for paradigm shifts, the Federal Circuit is correct in acknowledging the immense value of research tools and the worthiness of a system that helps produce them. 165 This Note thus proposes a patent system that employs exclusive monopolies to encourage innovation in research tools, though only after an initial period of free experimental use. This proposal differs critically from that of Robert Merges, who calls for formalizing a pure research exemption in patent doctrine.
1 66 Merges's proposal rightly recognizes the value of open access to research tools in advancing what Kuhn would recognize as normal science. Merges underappreciates, however, the role of exclusive property rights in spurring, in some ways mandating, innovation. While permanent open access to research tools may encourage innovation and development within a paradigm, such a system may fail to capture the immense value of innovations in paradigms themselves.
Imposing rights to exclude on research tools will ensure that insurgent scientists face a legal landscape amenable to questioning those tools' implicit theoretical assumptions. By combining an initial experimental use exception with a generally strict patent regime on research tools, the patent system can better enable both the normal science that evaluates theories and the alternative hypothesis generation that produces new ones. In this manner, patents can help accelerate the disparate processes that drive paradigm shifts and the evolution of scientific theory.
CONCLUSION
This Note has applied insights from the history, philosophy, and sociology of science to describe how exclusive property rights in critical inputs to basic research may help induce paradigm shifts in biomedical science. Traditional patent theorists focus on the positive effects that patents exert on scientific and technological innovation. Critics, however, argue that patents on upstream research tools disrupt norms of communal sharing and can impede downstream experimentation and application. Scholars on both sides of the debate have implicitly framed their arguments in the utilitarian language of technological innovation. This Note has applied Thomas Kuhn's concept of paradigm shifts to explore the impact of patents on a different, more profound kind of progress: innovation at the level of basic scientific theory.
For Kuhn, the deep, progress inherent in scientific revolutions arises through paradigm shifts in which insurgent theories challenge and ultimately overturn the dominant conceptual frameworks of the day. Kuhn's framework is particularly salient to contemporary patent doctrine and biomedical science given the encroachment of research tool patents into the realm of scientific theory. The increasingly commercial nature of even university-based research has created a close nexus between patents and basic science, with parties patenting elemental research tools that are crucial to exploring wide areas of theoretical interest. This Note does not resolve the empirical question of whether patents, on balance, facilitate or frustrate normal scientific progress; ultimately, such resolution is unnecessary for this Note's central agenda, which is to describe the surprising contribution of restricted access to biomedical research tools to paradigm shifts.
Patents, by raising the cost of using research tools fundamental to a given paradigm, provide scientists with an additional incentive to innovate at the level of scientific theory. This is not the "shallow" innovation of filling in the details of an existing paradigm. It is the more profound innovation comprising a gestalt switch in how a researcher conceptualizes a particular scientific problem. Patents thus encourage nonconformist theorizing around dominant conceptual frameworks and can ultimately induce paradigm shifts. Normal science, however, plays a critical role in this process as the mechanism by which scientists evaluate, validate, and refute novel theories. Consequently, this analysis suggests an inversion of traditional patent logic so that a time-limited experimental use exception prevails in the period immediately following the granting of a patent on a research tool. This limited experimental use exception would enable immediate, costless appropriation of new research tools as well as maintain the long-term incentives to innovate inherent in strong patent regimes.
Underlying these analyses is an assertion that the history, philosophy, and sociology of science can elucidate previously unrecognized effects of patents on scientific activity. Current patent scholarship has not fully engaged the relationship between patents and the evolution of scientific theory, and the scientific humanities can provide a robust theoretical framework for filling this void. Without recognizing that patents can influence paradigm shifts, policy choices defining intellectual property regimes are uninformed and incomplete. While this Note has focused on research tools in biomedical science, these phenomena may operate in other fields of patented material as well. More empirical study is necessary to delineate and quantify the precise ways that patents encourage and frustrate normal collaborative development. At a minimum, the progress dynamics developed in this Note highlight the unique differences between upstream and downstream monopolies, and recommend a reexamination of the current patent system's identical treatment of gateway and end-product materials and processes. Contrary to romantic conceptions, science is not an insular enterprise detached from the wider influences of society. Increasingly, the basic science sector must contend with the powerful exogenous forces of patents and commercial pressures. It is therefore incumbent on policymakers, courts, and legal scholars to develop a greater sensitivity to the intricate and unexpected ways that law impacts scientific progress and to structure patent regimes accordingly.
